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ABSTRACT

As a part of our ongoing efforts to define the structural aspects of unusual pairing

alignments in DNA triplexes by Nuclear Magnetic Resonance spectroscopy, we have

examined the structural role of a nonnatural deoxyribonucleoside, P1, that has been

shown to mediate the recognition of GC base pairs in pyrimidine-purinepyrinmidine DNA

triplexes (Koh, J. S. & Dervan, P. B. (1992)J. Am. Chem. Soc. 114, 1470). A qualitative

interpretation of the NMR data indicates that this analog of protonated cytosines is

readily accommodated in the third strand segment of an intramolecular triplex system.

Furthermore, the observed NOE patterns position the imino and amino protons of P1

opposite the N7 and 06 atoms of guanine respectively, consistent with the previously

proposed pairing scheme.
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FIGURE LEGENDS

EigIre 1 The one-dimensional proton NMR spectrum of triplex 4 recorded in H20

buffer at pH 6.01, 5 *C. (A) Only the region downfield to the H20 resonance (6.5 to 15.5

ppm) is shown. The "jump-and-return" sequence (Plateau & Gueron, 1982) was used to

suppress the H20 signal with the delay between the two pulses set to 56 pts for maximum

excitation of the hydrogen bonded imino proton resonances. (B) An expanded plot of

the hydrogen bonded imino proton region (11.2 to 15.5 ppm). The assignments for the

various imino proton resonances are labeled.

Figiurea. Duplicate, expanded contour plots of the symmetrical imino proton region

(11.3 to 14.7 ppm) in the NOESY (mixing time 150 ms) spectrum of triplex 4 recorded in

H20 buffer, at pH 6.01, 5 'C. Hard 700 preparation and mixing pulses were used with

the detection pulse replaced by a "jump-and-return" sequence (Plateau & Gueron, 1982).

The carrier frequency was placed on the solvent signal and the spectral width was set to

11.1 kHz in both dimensions. The data were acquired with 1024 complex data points in

t2 and 400 complex data points in tj in the TPPI- States' mode (Marion, et al., 1989b).

Prior to fourier transformation in t2, the residual solvent signal in each increment was

deconvoluted in the time domain (Marion et al., 1989a), apodized with a skewed 300

phase shifted sine bell window function and zero-filled to 2048 points. Prior to fourier

transformation in t1, baseline correction was applied in o(2 and the interferograms

apodized with a 90' phase shifted sine bell squared function and zero filled to yield a

final processed matrix size of 2048 x 2048 in real points. (A) The lines trace the

sequential connectivities between imino protons in adjacent base pairs for the duplex

portion of triplex 4. The tracing starts at G8 and proceeds via T6, T5, G 11, T3, G13 all

the way up to G14. (B) The tracing of sequential connectivities between adjacent bases

in the third strand of triplex 4 starts at T16 and proceeds via T17 and PI to T19. The N3-

protonated imino proton resonances of 5-methylcytosines in this strand exchange too

rapidly with the solvent to show detectable NOEs.
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Figure. Expanded contour plots of the same NOESY spectrum of triplex 4 shown in

Figure 2. (A) NOE cross peaks correlating the imino protons (12.3 to 14.7 ppm) and the

amino and base protons (6.4 to 9.2 ppm) in the Watson-Crick pairs in the triplex. The

cross peak assignments for the protons in the central trinucleotide segment are as follows:

a:T3(NH3)-A 12(H2)/A 12(NH 2-h); b:T3(NH3)-A 12(NH 2 -wc); c: T5(NH3)-A 10(NH 2-

wc)/A 10(NH2-h); d: T5(NH3)-A 10(H2); e: G Il (NH I )-C4(NH 2-e); f. G Il (NH 1)-

A10(H2); g: GI 1(NHI)-AI2(H2); hi: G1 l(NHI)-C4(NH 2-b). (B) NOE cross peaks

between the imino protons (11.3 to 14.7 ppm) and the amino and base protons (6.4 to 9.2

ppm) of the Hoogsteen pairs in the triples. The cross peak assignments are as follows: a:

TI6(NH3)-A9(NH 2-wc)/A9(NH 2-h); b: TI6(NH3)-A9(HS); c: TI6(NH3)-G8(HS); d:

T17(NH3)-A1O(NH 2-wc)/AlO(NH 2-h); e: T17(NH3)-A10(H8);f: T17(NH3)-A9(H8); g:

T19(NH3)-Gl11(1-18); h: T19(NH3)-A 12(H8); i: T19(NH3)-A12(NH2-h); j: T19(NH3)-

A12(NH2 -wc); k: PI(NHI)-G11(H8); 1 PI(NHI)-(NI-1 2). In adenines, amino protons

involved in Watson-Crick and Hoogsteen pairing are denoted by 'wc' and 'h' respectively

while in cytosines, the hydrogen bonded and exposed amino protons are denoted by 'b

and 'e' respectively.

Eigure 4. One-dimensional proton NMR spectra of a triplex 4 analog where cytosines

have replaced 5-methylcytosines, recorded at 10 C in H20 in the presence of 0.1 mM

EDTA and 10 mM phosphate buffer at different pH values. Only the region downfield

from the water resonance (6.5 to 16.0 ppm) have been plotted. The position of the PI

imino proton resonance in each spectrum is indicated by an asterisk.

Eigux=.5. Plots of the chemical shifts of (A) the imino and (B) the methyl proton

resonances of P1 as a function of pH in triplex 4 analog where cytosines have replaced 5-

methylcytosines.

Figure 6. Duplicate, expanded contour plots correlating the base (6.7 to 8. lppm) and

sugar HI' protons (5.5 to 6.6 ppm) in the NOESY spectrum (mixing time 250 ms) of

triplex 4 recorded in D20 buffer, at pH 6.02, 15 'C. The data were acquired with 1024



complex data points in t2, 512 real data points in tlj in the TPPI mode (Marion &

Withrich, 1983) with the spectral width set to 5.05 kHz in both dimensions and a

repetition delay of 1.6s. 90' phase shifted, sine bell squared and sine bell window

functions were used for apodization in t2 and t1 dimensions, respectively. The data were

zero-filled to 2048 points in both dimensions prior to fourier transformation. Baseline

correction was applied to the frequency domain data in both dimensions. (A) The lines

trace sequential NOE connectivities between the base and sugar HI' protons in the purine

strand of triplex 4. The tracing starts at G8 and traverses the strand up to G 14. The intra-

residue base to sugar HI' cross peaks in this strand are labeled by residue number. (B)

The solid lines trace sequential NOE connectivities betweern the base and sugar H '

protons in the third strand of triplex 4 starting from mec15. The tracing continues up to

the intra-residue base to sugar HI'cross peak of T17 where it is interrupted due to the

absence of a base proton on P1 but resumes at the T19(H6)-PI(Hl') cross peak and

continues to meC21 at the end of the strand. The intra-residue cross peaks involving the

base and sugar HI' protons in this strand are labeled by residue number. The dashed line

corresponds to the position of the PI HI' resonance. The cross-strand NOEs between the

base protons in the purine strand and the HI' protons in the third strand are boxed and

these are assigned as follows: a: G8(H8)-TI6(HI'); b: A10(H8)-PI(HIV); c: G13(H8)-
meC21 (H I'); d: A 12(H8)-meC20(H I'); e: G I1I (H8)-T I19(H I').

Figure7.2. An expanded contour plot of the symmetrical methyl and H2', 2" proton region

in the same NOESY spectrum of triplex 4 shown in Figure 6. The lines trace the

sequential connectivities between methyl protons on adjacent bases in the third strand of

the molecule starting from T17 and proceeding via P1, and T19 up to mec20. The boxed

peak (indicated by an arrow) corresponds to the NOE observed between the sugar H2"

proton of T17 and the methyl protons of P1.
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